Objective-To identify determinants of an inferior quality of life (QoL) five years after coronary artery bypass grafting (CABG). Setting-University hospital.
Severe coronary artery disease can be successfully treated with coronary artery bypass grafting (CABG) with considerable relief of angina pectoris. [1] [2] [3] Approximately three of four patients are free from ischaemic events for five years. 4 However, increased survival is found only in selected subgroups with advanced coronary artery disease 5 6 ; this eVect has not been established in elderly patients. 1 7 The outcome of treatment in terms of quality of life (QoL) is of major importance in patients with severely symptomatic disease, particularly if a prognostic gain is not expected. QoL is defined as the individual's perception of symptoms, wellbeing, and physical and mental functional capacity. Previous major long term evaluations after CABG have focused on physical improvement, such as a reduction in angina pectoris, a reduction in nitrate medication, and an increase in exercise capacity. 8 9 There is a lack of large long term studies of QoL using reliable, validated instruments. This study describes the impact of age, sex, disease history, and QoL before CABG on QoL five years after the operation.
Patients and methods
Patients from 15 hospitals in western Sweden underwent CABG at either Sahlgrenska University Hospital or the Scandinavian Heart Center, Göteborg, between June 1988 and June 1991. These hospitals are referral centres for CABG in western Sweden (1.6 million inhabitants). Patients received a questionnaire regarding QoL at coronary angiography before CABG and five years after the operation. Preoperative questionnaires were administered before coronary angiography to patients on waiting lists for elective angiography. Patients who underwent emergency coronary evaluation were given questionnaires in the ward before angiography.
Demographic data were collected by review of medical charts, interview, and physical examination of patients hospitalised for CABG by a physician from the research team. Functional classification was made according to the New York Heart Association (NYHA).
QUALITY OF LIFE
Patients completed three self administered questionnaires for assessment of QoL: the physical activity score (PAS), the Nottingham health profile (NHP), and the psychological general wellbeing index (PGWI) before and five years after surgery. These questionnaires have been carefully validated and tested for reliability. [10] [11] [12] [13] The PAS represents one dimension of an angina specific questionnaire, 10 the angina pectoris QoL questionnaire, which contains six questions for self estimation of physical abilities and limitations. Each response is graded from one to six and the mean value for all six questions is calculated. The higher the total value, the greater the degree of disability.
The NHP is divided into two parts. Part one comprises 38 statements that convey limitations of activity or aspects of distress in six dimensions: physical mobility, pain, sleep, energy, social isolation, and emotional reactions. Patients indicate by a yes/no answer which problems they are experiencing when completing the questionnaire. A score ranging from nil to 100 can be calculated for each dimension; the higher the score, the greater the limitations in activity or distressing social and emotional problems.
The PGWI comprises 22 questions, dealing with six sections of wellbeing: anxiety, depressed mood, vitality, general health, self control, and wellbeing. 13 The response format is graded from one to six-that is, total range 22-132, with the highest value corresponding to the best possible wellbeing.
CHOICE OF QUESTIONNAIRES
The symptomatic response to myocardial ischaemia in angina pectoris is chest discomfort, brought about by physical or mental stress, thereby limiting physical performance. However, angina pectoris aVects various aspects of personality with increased anxiety and limitations of leisure activity, working capacity, and social and sexual function. [14] [15] [16] The PAS represents one dimension of a disease specific questionnaire for estimating physical capacity, in patients with angina pectoris. 10 The NHP and the PGWI are general questionnaires. The NHP is most useful for patients with chronic and pronounced symptoms 17 and for detecting treatment eVects. 18 The PGWI is suitable for evaluating the impact of symptoms on wellbeing and applicable for both healthy and patient populations. The purpose of this choice of questionnaires was to capture the range of outcomes, from symptomatic limitations of physical abilities due to angina pectoris to overall wellbeing and health related QoL. These questionnaires were chosen rather than other estimates, which have poorer ability to reflect subjective results after CABG, such as the NYHA classification 19 and return to work. 20 
STATISTICAL METHODS
The diVerent QoL scores were dichotomised by defining an inferior QoL as worse than the median for the diVerent instruments. Analyses were made in two steps. Firstly, univariate analysis of all baseline characteristics variables together with duration of angina, known valvular disease, height, weight, and body surface area was performed using Fisher's exact and the Mann-Whitney U tests (table 1) to examine associations with QoL. Secondly, variables associated with QoL with a p value of less than 0.05 were included in a stepwise logistic regression model to identify independent predictors of an inferior QoL.
Results
A total of 2121 patients underwent CABG in the study period, of whom 310 (15%) died during five year follow up. Information on QoL after five years was available in 1431 survivors (79%). Information on QoL before and five years after CABG was available in 913 patients (50% of survivors after five years).
The interval between answering the preoperative inquiry and the operation was significantly shorter for: patients older than 64 years than those 64 years or younger (p = 0.02); patients in functional class IV than those in functional classes I-III (p < 0.0001); patients with a history of congestive heart failure compared with those without (p = 0.002); and patients with three vessel disease compared with those without (p < 0.0001). Table 1 shows the baseline characteristics of all patients who underwent CABG, patients for whom information on QoL was available five years after CABG, and patients for whom (2) 266 (13) 144 (10) 89 (10) Renal dysfunction (5) 585 (28) 335 (23) 198 (22) Cerebrovascular disease (1) 177 (8) 111 (8) 68 (7) Claudication (3) 260 (12) 140 (10) (70) 1351 (66) 918 (66) 597 (67) Ejection fraction < 40% (119) 183 (9) 97 (7) 59 (7) Values are n (%) unless otherwise stated. *Number of patients where information is missing. COPD, Chronic obstructive pulmonary disease; PTCA, Percutaneous transluminal coronary angioplasty. information was available before and five years after CABG. Table 3 shows independent predictors for an inferior QoL five years after CABG in survivors assessed before CABG and five years after the operation. As expected, preoperative scores indicating an impaired QoL were strong independent predictors for an impaired QoL five years after CABG with all three instruments. Some changes in results were seen compared with results in the first analysis. Thus, a history of cerebrovascular disease was an independent predictor for an impaired QoL with all three instruments, whereas a history of chronic obstructive pulmonary disease was a predictor only with the NHP. A history of diabetes was not a predictor for QoL with the PGWI, whereas a history of congestive heart failure and myocardial infarction disappeared as independent predictors with the PAS.
PREDICTORS OF QoL FIVE YEARS AFTER CABG

Survivors with available information at five years
Survivors with information on QoL before and five years after CABG
Simultaneous impact on subdimensions of the NHP
Generally, all factors in table 4 were strongly associated with somatic subdimensions (physical mobility and pain), whereas there was a less conspicuous association with psychosocial components (social isolation and emotional reactions).
Correlation between subscores before CABG and total scores five years after the operation
In terms of NHP there was a highly significant correlation between all six subdimensions before CABG and total scores five years after the operation (p < 0.0001 for all), with an r value varying between 0.25 (social isolation) and 0.40 (sleep). In terms of PGWI there was also a highly significant correlation between all subdimensions before CABG and total scores five years after the operation (p < 0.0001 for all), with an r value varying between 0.35 (general health) and 0.47 (depressed).
Discussion
The main goals of CABG are relief of angina pectoris and prolongation of life expectancy. An improvement in health related QoL is another important end point. Health related QoL measures are used to evaluate the impact of disease and the eVects of medical intervention. Such analyses are diYcult because of the multidimensional complexity of QoL. Prospective studies may isolate factors that can identify patients at risk of a poor health related QoL postoperatively. Premorbid psychological status can predict some aspects of the recovery process after CABG. 21 Dispositional optimism as a personality resource can have an important role in the response to recovery from CABG. 22 23 Furthermore, preoperative denial was an adaptive mechanism in the early postoperative period, 24 although it seemed to be maladaptive in the late postoperative period. 23 Adjustment after CABG is probably a multidimension phenomenon explained by medical and psychosocial factors.
In the present study QoL five years after CABG was related to age, sex, and various preoperative factors, including a history of cardiovascular, peripheral vessel, renal, and pulmonary diseases, as well as functional status, ejection fraction, and the extent of coronary artery disease. Previous studies, particularly those using the NHP, 25 26 as well as the present study 27 have shown a pronounced improvement in QoL after CABG. We assessed three overlapping aspects of QoL: physical activity, general quality of activity and relations, and psychological outcome. The study should be related to several earlier studies in which various aspects of QoL among patients with ischaemic heart disease aVected outcome in a prolonged perspective. [28] [29] [30] [31] We found that female sex was an independent predictor for a poor QoL with all three instruments when preoperative QoL scores were analysed simultaneously. Moreover, previous studies have found that women with various manifestations of ischaemic heart disease have a worse QoL than men. 32 33 Similar observations have been reported in "healthy" individuals. 34 The mechanisms responsible for these observations are not known.
In terms of patients having undergone CABG it is possible that rehabilitation regimens are less ambitious among women or that they receive less social support.
A history of diabetes mellitus was another predictor of a poor QoL. This observation is in agreement with previous results. 35 In our two year follow up of this study population diabetic patients had an impaired QoL compared with that of patients without diabetes, although the improvement in QoL compared with that before surgery was similar in both groups. 36 This finding is probably explained by increased morbidity and symptoms associated with organ dysfunction or variations in blood glucose concentrations.
A third independent predictor was a history of chronic obstructive pulmonary disease. The importance of this disease for wellbeing among patients with coronary artery disease is not well known. Nonetheless, chronic obstructive pulmonary disease was of less importance when preoperative QoL scores were analysed simultaneously for QoL five years after CABG.
A history of cerebrovascular disease was another important predictor for an impaired QoL five years after CABG, particularly when preoperative QoL scores were analysed. This information has not been described previously. These patients often suVer from functional limitations which can influence their QoL.
A history of hypertension was associated with an inferior QoL with PGWI and PAS when preoperative QoL scores were analysed. The mechanisms responsible for this observation are less clear as various organ complications associated with hypertension, such as renal disease, cerebrovascular disease, and congestive heart failure, were included in the multivariate model. However, the possibility that diVerent complications appeared after the operation in patients with hypertension, thereby influencing QoL adversely, cannot be excluded. Furthermore, hypertensive patients were often treated with various medications, which might influence their QoL.
Intermittent claudication and obesity were also associated with an impaired QoL in some instruments. Both are well known to cause increased morbidity as well as various symptoms that can explain our observations.
LIMITATIONS
We were unable to administer reminders and this may have reduced the response rate. The results of patients who did not respond to the questionnaires cannot be accounted for, and such patients seemed to suVer from more severe coronary artery disease than the responders. Thus, we do not know if our results are applicable in a non-selected population undergoing CABG. Two major explanations for the low response rate before CABG were identified and estimated. Firstly, the fact that emergency surgery was performed precluded the possibility of making an assessment at short notice (n = 129). Secondly, of all patients operated on during the time period, 128 had already undergone coronary angiography before the start of the study and had not received a preoperative QoL questionnaire. These latter non-responders were unlikely to have systematically aVected the outcome. These explanations account for 31% of preoperative nonresponders.
Predictors were limited to demographic and major medical variables in patients without psychosocial assessment at the time of operation.
CONCLUSION
Predictors for an impaired QoL after CABG among survivors five years after operation are female sex, an impaired QoL before CABG, a history of diabetes mellitus, chronic obstructive pulmonary disease, cerebrovascular disease, and previous CABG. 
